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SUMMARY 
Diverse methods have been applied to understand why science continues to be debated within the 
climate policy domain. A number of studies have presented the notion of the "echo chamber" to 
model and explain information flow across an array of social settings, finding disproportionate 
connections among ideologically similar political communicators.  This paper builds on these 
findings to provide a more formal operationalization of the components of echo chambers.  We 
then empirically test their utility using survey data collected from the community of political 
elites engaged in the contentious issue of climate politics in the United States. Our survey period 
coincides with the most active and contentious period in the history of US climate policy, when 
legislation regulating carbon dioxide emissions had passed through the House of Representatives 
and was being considered in the Senate. We use Exponential Random Graph (ERG) modeling to 
demonstrate that both the homogeneity of information (the echo) and multi-path information 
transmission (the chamber) play significant roles in policy communication. We demonstrate that 
the intersection of these components creates echo chambers in the climate policy network. These 
results lead to some important conclusions about climate politics, as well as the relationship 
between science communication and policymaking at the elite level more generally. 
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MAIN 
 
Environmental politics continue to be highly contentious, and nowhere has this debate become 
more deeply entrenched than in the issue of climate change. Despite a well-documented 
scientific consensus on the causes and drivers of global climate change, legislation has yet to be 
passed in the United States at the federal level to address these issues. As scientists continue to 
warn decisionmakers about the need to act (1-5), the political debate remains polarized. What’s 
more, this political polarization often manifests among political elites as debates over the 
veracity and legitimacy of established scientific consensus (6). In January 2015, while debating 
the Keystone XL oil pipeline in the United States Senate, for example, an amendment was 
offered to get the “sense of the Senate” about whether humans contribute significantly to climate 
change (7). The vote was split, 50-49, with 49 Senators refusing to affirm that climate change is 
anthropogenic. 
Numerous studies have aimed to understand why the science of climate change continues 
to be challenged within policy circles, focusing on the media coverage of the issue (8-10), the 
role that conservative think tanks have played in creating a counter-movement (11-14), and the 
ways the issue has been discussed by the US Congress (6, 15-16).  Within this literature, scholars 
have invoked the notion of echo chambers to describe how information has become a partisan 
choice, and how those choices bias toward sources that reinforce beliefs rather than challenge 
them, regardless of the source’s legitimacy (17).  
Within the broader literature, echo chambers are described as social network formations 
that transform the ways in which information is transmitted and interpreted by actors (18-22). 
Scholars have applied this concept to illustrate the dynamics of issue positions of candidates and 
political parties (23); the public consumption of media (24-25); the homophily of online 
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communication networks (26-28), which focuses on the presence of ties among actors who share 
the same attribute (29); and multiple aspects of blogs and blog-based discussion (17, 29-33). This 
paper builds on this extant literature by providing a more formal operationalization of the 
components of echo chambers and then testing empirically for their presence against competing 
network mechanisms within the US climate policy network.  
We conceive of the echo chamber as being comprised of two distinct processes. First, 
information is an “echo” when it repeats what one already believes. Called “confirmation bias” 
in the psychology literature, information is perceived to be more credible when it matches the 
recipient’s worldview (34-35), or when individuals hear the same information from different 
sources, even if that information ultimately came from one original source (35-36). Additionally, 
hearing repeated messages has been found to intensify viewpoints further and push some to 
extreme opinions (37-40).  Although this process of influence homophily in information 
transmission involves some element of time, in this first examination of the echo chamber, we 
test this operationalization with a static model. 
The second mechanism is the formation of “chambers,” or structures that provide the 
space needed for information to echo. Our “chamber” is the smallest network structure that 
provides the conditions for the same information to be transmitted from one source to one 
recipient via different paths. In other words, as we describe in detail below, the “chamber” 
involves at least three actors: a speaker, a receiver, and a mediating actor through which the 
information can travel. This directed multi-path transmission distinguishes echo chambers from 
other polarization mechanisms (16, 38-42). The combination of homophily with the bonding 
social capital found in cohesive triads (19) makes these echo chambers a fundamentally different 
network structure.  In the pages that follow, we depart from the previous literature on echo 
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chambers by examining the interaction of the echo and chamber mechanisms within a statistical 
framework.  
To accomplish this goal, we examine the information networks that supplied members of 
the climate policy community in the United States in 2010 with research, advice, and 
perspectives on climate change. Below, we briefly describe the data collected, operationalize our 
understanding of echo chambers using social network methods, and apply Exponential Random 
Graph (hereafter, ERG) model simulation methods to test for the presence and significance 
(relative to tie formation) of such echo chambers among members of the US climate policy 
network. For a full discussion of the policy network approach, which uses policy actors at the 
unit of analysis, see the work of Knoke (41) and Laumann and Knoke (43). 
Our network is comprised of the set of the policy actors in our sample who responded to 
our survey (64 in total) and all reported directed communication within this population. For 
example, when actor B states that they received information from actor A, there is a directed tie 
from A to B (Fig 1a). Given this network formalism, we can now specify the two characteristics 
of echo chambers.  
 
Figure 1 about here 
 
The “echo” is the sharing of information between two actors who have the same outlook 
or opinion on a relevant issue. This attribute status is represented by the shading of the circles 
(representing the actors) in Fig 1b (as opposed to the clear circles in 1a).  The “chamber” 
mechanism, in contrast, has information from the same source reaching the same endpoint via 
multiple different paths. The smallest structural configuration that would depict this process is 
the transitive triad. In this structure, information passes from actor A to actor C through a direct 
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tie, but also indirectly through actor B (such that B receives information from A, and C receives 
information from B; see Fig 1c).   
To show that an echo chamber exists, we must demonstrate that these chambers are 
configured around policy actors with the same viewpoint (as depicted in Figure 1d). Figure 2 
shows the ego networks of some of the key players in our network, based on their sources of 
“expert scientific information” and their responses to an attitudinal question that asks them to 
identify their organization’s position from “strongly agree” to “strongly disagree” on the 
statement: There should be an international binding commitment on all nations to reduce GHG 
emissions (one of several attributes included in the analysis). The Office of Representative Ed 
Markey (who sponsored The American Clean Energy and Security Act), and a Columbia 
University scientist well-known to support the scientific consensus position in the climate debate 
appear in the top row. The Office of noted climate change denier and newly seated chairman of 
the Senate Committee on Environment and Public Works, Senator James Inhofe, appears in the 
bottom row along with a University of Alabama scientist who has spoken extensively against the 
notion that climate change is anthropogenic. 
 
Figure 2 about here 
 
 
Although Figure 2 displays the existence of some transitive triads in the network, 
descriptive measures alone cannot determine whether the number of transitive triads present 
could be explained by other network properties. For example, some such triads could be formed 
by chance, simply due to the number of edges present in the network (note that the number of 
triads increases with the number of alters and ties in the ego network). Similarly, we must 
determine whether the empirical level of homophily observed—that an actor uses a source with 
6 
 
the same opinion as him/herself—is also not due to random tie formation. Additionally, in order 
to establish the presence of an echo chamber, our data must show, not only that both an echo and 
a chamber are operating, but that the transitive triads within which the information is 
transmitting are themselves sorted by homophily. In other words, we must show that echo 
chambers are statistically more likely to occur within like-minded, homophilous groups.  
In this study, we analyze network formation based on political actors’ agreement with 
three key statements that have been found to be of central concern to policy actors engaged in 
recent US climate politics (6, 44): There should be an international binding commitment on all 
nations to reduce GHG emissions (Binding); Emissions trading (cap and trade) is the best option 
for reducing US GHG emissions (Cap and Trade), and; Human activities are an important driver 
of current global climate change (Anthropogenic). For each of these questions, we include a 
term for the general tendency of higher-scoring actors to be cited as a source (Fig 3f) as well as 
heterophily terms (Fig 3g), which measures the likelihood of a tie between two actors as a 
function of the difference in their responses to each attribute question increases. A negative 
coefficient for this term indicates that two actors with different responses are unlikely to be tied, 
and thus is interpreted as a tendency towards homophily. These terms represent our “echo” 
mechanism. Finally, we include the “chamber” term -- transitive triads (Fig 3d) – and a term for 
the interaction of homophily and transitive triads – the full “echo chamber” (Fig 3h).  For the 
attribute component in each of these terms, agreement was coded as the exact same value in the 
5-point response scale. 
  
Figure 3 about here 
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Figure 4 presents the results of the ERG model analysis from the best fitting model (see 
the Supplement for a comparison of 12 models). The coefficients are the log-odds likelihood of a 
tie fulfilling the given condition. Thus, if adding an edge adds one more to the count of transitive 
triads in which all actors responded with the same level of agreement to the question There 
should be an international binding commitment on all nations to reduce GHG emissions, the 
likelihood of that tie occurring increases significantly by 0.274 in log-odds or a probability of 
57%.  This log-odds is added to any other probabilities the given edge also fulfills.  The other 
significant attribute terms in the model are a density term indicating a preference to pick 
information sources with higher ratings on the Anthropogenic question (Anthropogenic: Sender) 
and homophily (indicated by negative heterophily – Anthropogenic: Heterophily).  
The significant control variables indicate that scientific actors and those from the 
Executive Branch of the US government were more frequently cited as sources of information 
(compared to the baseline of business organizations). Although it is encouraging that science is 
widely cited as a source of information on climate change in our network, it is also important to 
note that science itself is not a monolithic community. Science networks form in varied and often 
unpredictable ways around the formation of knowledge, and are susceptible to political, 
ideological, and cultural pressures (45). 
The structural parameters show a clear tendency towards popularity (the positive and 
significant 2-star coefficient), which indicates that many of the political actors in our sample get 
their information from the same sources. We also see no tendency for transitive triads in general 
outside those that count towards the number of transitive triads segregated by their agreement 
with the Binding variable. For additional verification of model quality and goodness of fit, see 
the Supplement.  
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Figure 4 about here 
 
Although we might expect high levels of transitivity to be beneficial in some social 
relationships, like friendship (46-47) and cooperation (48-49), these structures have a very 
different impact in networks of information transmission. For communication networks, the 
repeated nature of the ties may give members the impression that an issue is decided when there 
continues to be debate. In the case of climate change, however, echo chambers may also amplify 
divergence from the consensus position. In other words, a few dissenting voices can be echoed 
and amplified so heavily through the chamber that they appear to represent a substantial number 
of dissenters. Likewise, an echo chamber also has the potential to amplify convergence. Echo 
chambers themselves are value-free; their impact on political discussion and debate are an effect 
of context and content. In the context of federal US climate politics, our empirical model of echo 
chambers provides a potential explanation for why conservative political actors continue to 
discuss climate change science as undecided when, by all reasonable measures, the scientific 
community has reached consensus. 
Future research must engage this operationalization to investigate how and to what 
degree these structures work in other information-seeking settings. Using ERG modeling 
techniques will also permit the disentangling of echo chamber effects from other polarizing 
structures. Additionally, although there are implications in our analysis for information diffusion 
over time, our present data only allow for tests of echo chambers in one static network.  
Expansions on this work should engage with temporal data to explore the nascence and 
formation of echo chambers (asking, for example, which comes first: the echo or the chamber?) 
drawing on current research into influence versus selection mechanisms in homophily (50).  The 
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present analysis also provides a foundation for future work that compares echo chambers across 
actor networks engaged in other policy arenas. 
Finally, studying echo chambers can shed light on the complex relationship between 
political actors and the scientific expertise they engage. Our findings suggest that scientific 
experts are called upon by political actors, not just for the completeness of their knowledge, but 
for how well they fit into particular political narratives. The opinions measured in this article do 
not deal with scientific fact; rather, they measure policy debates that surround climate change, an 
issue that has been framed as wholly scientific in nature. Social structures that increase 
partisanship and extremity in these views do little else but hamper political and scientific 
progress (51). We expect these findings to be consistent with other samples of elite political 
actors engaged in decision-making processes. Further study of echo chambers will contribute to 
scientific communication above the amplified noise inside these chambers. 
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